Objective: To estimate fruit and vegetable (FV) intake levels of US adult population and evaluate the association between FV intake and BMI status after controlling for confounding demographic, socioeconomic and lifestyle factors. We also sought to identify moderating factors. Methods: We used 2007 Behavior Risk Factors Surveillance System (N > 400,000) data. FV intake was dichotomized as ≥5 servings (FV5+) versus <5 servings/ day. BMI status was categorized as normal, overweight, and obese. Identification of moderators was performed by testing interactions between BMI status and other variables using bivariate analyses followed by multiple logistic regression analysis incorporating complex survey sampling design features. Results: Only 24.6% of US adults consumed ≥5 servings per day and less than 4% consumed 9 or more servings. Overweight (% FV5+ = 23.9%) and obese (21.9%) groups consumed significantly less FV than the normal-weight (27.4%) group (p < 0.0001). This inverse association remained significant even after controlling for potential confounding factors. Multivariate analysis identified five significant moderators (p < 0.0001) after controlling for all evaluated variables: race, sex, smoking status, health coverage, and physical activity. Notably, physically inactive obese males tended to consume the least FV (% FV5+ = 14.7%). Conclusion: Current US population FV intake level is below recommended levels. The inverse association between FV intake and obesity was significant and was moderated by demographic, socioeconomic status, and lifestyle factors. These factors should be considered when developing policies and interventions to increase FV intake.
Introduction
A relatively large intake of fruits and vegetables (FV) is associated with positive general health outcomes such as reduced all-cause mortality and cancer risk [1, 2] . FV intake is also associated with BMI status [3, 4] and a reduced risk of obesityrelated comorbidities such as diabetes [5] , cancer problems [6] [7] [8] [9] , and cardiovascular diseases [10] [11] [12] [13] . While these observations often lead to assumed causal relationships, FV intake is also associated with demographic factors [14] , socioeconomic status (SES) [15] , and lifestyle behaviors [16] , collectively referred to as personal status domain (PSD) variables. These PSD variables also are known to be associated with BMI status and health outcomes [17] . Thus, when testing the association between FV intake and adiposity, PSD variables can potentially serve as confounding factors and/or moderators of the FV-BMI status association. Understanding the underlying association between FV intake and BMI status may be advanced by simultaneously modeling these multiple factors.
Although studies have addressed the association of PSD variables with FV intake [18] or obesity [19] , we examined Heo/Kim/Wylie-Rosett/Allison/Heymsfield/ Faith whether the extent to which FV-BMI status association is moderated by or the result of confounding from PSD variables at a population level. To this end, we used data from a nationally representative US survey to determine the level of FV intake and associations with PSD variables in the general US adult population. We then assessed the associations between FV intake and BMI with and without controlling for PSD variables. Finally, we identified PSD variables that moderate the FV-BMI status association. As a last stage of our analysis, we explored the characteristics of subject groups with the lowest levels of FV intake.
Material and Methods
Data from the year 2007 Behavioral Risk Factor Surveillance Survey (BRFSS-07) was used to examine the main study questions. The BRFSS is a US population-based investigation conducted annually since 1984 by the Centers for Disease Control and Prevention (CDC). The BRFSS is the largest ongoing cross-sectional telephone health surveillance survey of the non-institutionalized civilian adult population ages 18 years or older [20] . In 2007, the core questionnaire of the annual survey was administered to 430,912 subjects in all 50 states, the District of Columbia, and two US territories (Puerto Rico and the US Virgin Islands); supplementary modules were administered in various, if not all, selected US states and territories. Responses listed as 'refused' and 'don't know/not sure' were treated as incomplete at the item level; response rates varied across the items. In the present study, we defined FV intake, BMI status, and demographic, socioeconomic and lifestyle behavior variables based on the available BRFSS-07 variables.
Study Outcome
The CDC calculated daily servings of FV intake based on the following six BRFSS questionnaire items asked by the interviewer, which are transcribed verbatim: 1) 'How often do you drink fruit juices such as orange, grapefruit, or tomato?'; 2) 'Not counting juice, how often do you eat fruit?'; 3) 'How often do you eat green salad?'; 4) 'How often do you eat potatoes not including French fries, fried potatoes, or potato chips?'; 5) 'How often do you eat carrots?'; 6) 'Not counting carrots, potatoes, or salad, how many servings of vegetables do you usually eat? (Example: A serving of vegetables at both lunch and dinner would be two servings).' Time frames for FV intake were open to permit the participant to answer using a time frame that could vary from per day for items consumed daily to per year for items consumed very infrequently. The interviewer coded the participant's response for each item as times per day, per week, per month, or per year. All of those responses on different time frames were uniformly converted to the daily servings, i.e., on a per day scale. Detailed computational procedures can be found in ' [21] . In particular, the guidelines recommended 9 servings per day for an average adult consuming 2,000 kcal/day. However, because the BRFSS investigators were not able to assess participants' daily calorie intake, we used as the primary outcome in this study a dichotomized version of daily FV intake, ≥5 servings (FV5+) versus <5 servings/day. Although the 5 servings correspond to the recommendation for the low 1,200 kcal/day intake in the USDA 2005 dietary guidelines, it is consistent with the 5-A-Day recommendation which was initiated in 1991.
Primary Predictor BMI status was categorized based on BMI (kg/m 2 ) as normal weight (18.5 ≤ BMI < 25), overweight (25 ≤ BMI < 30), or obese (BMI ≥ 30). We excluded underweight subjects with a BMI < 18.5 (<2% of the sample and a group not relevant for comparative purposes in the current study).
Personal Status Domain Variables
PSD variables consisted of three categories of demographic status, SES, and lifestyle behaviors.
Demographic Variables
Age (young (18-65 years) vs. old (>65 years)), sex (female vs. male), marital status (married vs. other), and race (non-Hispanic White vs. other).
Socioeconomic Variables
Education (≤high school (≤HS) vs. college and beyond (>HS) ), annual household income (<USD 35,000 vs. ≥ USD 35,000), employment (employed for wages or self-employed vs. other including, out of work, students, homemakers, retirees, and unable to work), and health care coverage (covered by health insurance, prepaid plans such as health maintenance organizations (HMOs), or government plans such as Medicare vs. no coverage).
Lifestyle Behavior Variables
Smoking status (smoking at least 100 cigarettes in life vs. never smoking) and physical activity with three levels (sufficient physical activity meeting expert recommendations (i.e., either moderate physical activity defined as 30+ min/day for 5+ days/week or vigorous activity for 20+ min/day on 3+ days) vs. insufficient physical activity vs. no physical activity).
Detailed scaling and responses of the PSD variables can also be found in the BRFSS-07 codebook on the above referenced web site.
Data Analysis
To increase generalizability of the findings to the US adult population and minimize potentially biased point estimates, standard errors, or confidence intervals (CI) due to sampling selections, we incorporated the geographical strata, the primary sampling units (PSU) and the BRFSS-calculated final survey sampling weight into statistical analysis. To this end, we used SAS PROC SRVEYFREQ and SURVEYLOGISTIC procedures. The number of respondents depended on the statistical models across which different sets of questionnaire items were used (i.e., data analyses were conducted based on the available observations per applied statistical method).
Descriptive statistics are presented in terms of FV5+ prevalence across the considered SES moderators and three BMI status levels. To quantify the association of FV intake with the PSD variables, we used two measures: odds-ratio (OR) and relative difference in % = (% in a comparator group -% in a referent group) / % in a referent group 100 [19] . We used the Rao-Scott chi-squared test to test significance of the association of each PSD variables with the FV5+ outcome and computed 95% CI for the estimated ORs. We applied survey logistic regressions 1) to test the significance of the FV-BMI status association after controlling for all PSD variables in a single model and 2) to test the significance of potential moderator effects (interaction between each PSD variable and BMI status in the form of FV5+ = BMI status + PSD + BMI status PSD, where testing the BMI status PSD interaction term was of primary interest.
Finally, to identify significant interaction effects with BMI status controlling for all PSD variables, we applied backward elimination to a full weighted logistic regression analysis with all main and second-order interaction effects with BMI status. In the backward eliminations, all main effects were forced to remain in the model, regardless of their p-value magnitude, in every step. Since the SAS PROC SURVEYLOGISTIC is not able to conduct the backward elimination, we used SAS PROC LOGISTIC with p-values for retention of interaction terms set at a very stringent level of 0.0001 to adjust for the deflated standard errors. Except for race, all other variables were significantly associated with FV5+ (p < 0.0001). In particular, large relative differences of greater than 20% in FV5+ prevalence were observed for sex, education, smoking status, and physical activity level (table 1) . The physically inactive population in particular had the greatest relative difference (-42.9%), or the smallest OR (0.50) of FV intake compared to the referent sufficiently physically active group. The current smokers (OR = 0.63), males (OR = 0.62), and subjects with less than college education (OR = 0.70) were also less likely to con-
Results
At the population level, 24.6% of US adults consumed FV 5 servings/day or more (fig. 1 ). Less than 4%of US adults consumed at least 9 servings of FV, which is the recommended Fig. 1 . Reverse cumulative prevalence of serving sizes of daily intake of fruit and vegetables in US adults. Note: n+ refers to 'n or more'. *Relative difference in % = (comparator % -referent %) / referent % × 100. **Not significant with p > 0.05 and all the other ORs are significant. Note: The lowest prevalence estimate and the largest relative differences are indicated in italics. Results from bivariate moderator analyses are presented in table 2. Although age was significantly associated with FV intake, it did not significantly moderate the association between BMI status and FV intake. On the other hand, the interaction effect between race and BMI status on FV intake was significant even though race was not significantly associated with FV intake. For example, the OR of the obese versus the normal-weight group for FV intake is much lower in the nonHispanic White group (OR = 0.70) compared to that in the other race groups (OR = 0.85), a 22.3% change in OR. Interaction effects of all other PSD variables with weight status on FV intake were highly significant.
The backward elimination with all main effects forced to remain in each step resulted in the following variables whose interactions with BMI status had significant effects at p < 0.0001 on FV: sex, smoking status, race, health insurance coverage, and physical activity. Finally, observing that both sex and physical activity levels had strong main (table 1) and interaction effects from the backward elimination on FV intake, we further sub-grouped FV5+ prevalence by sex and physical activity levels ( fig. 2 ). As shown in the figure, only 14-15% of males with no physical activity consumed FV more than 5 times/day regardless of their BMI status, a prevalence about 10% lower than that of the overall population. The physically inactive group in particular had the lowest prevalence of FV5+ for normal and obese weight status, with the lowest FV intake in the obese subjects (17.9%). The low prevalence was even more pronounced for physically inactive obese males among whom the prevalence was as low as 14.7%, which was about the half of that of the normal-weight general population. This prevalence was lower than that of obese male current smokers was 16.5%. On the other hand, 37% of females with sufficient physical activity levels consumed >5 FV per day.
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Fruit and Vegetable Intake and Obesity 453 of 5 FV servings per day. Furthermore, less than 4% of respondents consumed at least 9 servings of FV per day, the recommendation for an energy intake of 2,000 kcal/day. These findings regarding low FV intake in overweight and obese adults may have important public health implications. Population weight management could conceivably be enhanced by increased intake of FV [22] . Low FV intake level was significantly associated with each of the demographic, SES and lifestyle variables. Notably, FV intake was lower in individuals who were male, lower in SES indices, current smokers, and physically inactive. Reduced FV intake in the low income group may reflect the higher cost of nutrientdense foods including fruits and vegetables [23] . Nevertheless, the employed participants consumed less FV than other groups. Although, the underlying reasons for this finding are unknown, provision of FV as snacks at workplaces might increase FV intake for the employed groups. The FV intake of former smokers is comparable to that of the general population (table 1) . It is unknown however whether smoking cessation might have induced higher FV intake (compared to the current smokers) to reduce potential weight gains [24] . After all, as shown in the results section, the low FV intake in the obese group is even poorer when combined with lower indices of SES, smoking status, and physical inactivity (table 2) .
Taken together, our findings suggest that various public health strategies to reduce obesity by recommending increased physical activity and a healthy diet might have not been sufficiently effective to meet goals, despite the pro minent 5-A-Day national campaign initiated in 1991 [25] . Whether this reflects a limitation in the design of such programs, their implementation, their efficacy in promoting FV consumption, or the efficacy of FV consumption in reducing obesity is unclear. One plausible factor might be insufficient effort in building (or eliminating) environments that can promote (or diminish) both physical activity and FV intake at the personal and public levels [26] [27] [28] . Given the significant medical complications of obesity, more effective environmental modifications to promote easier access to places for physical activities, increase in local FV markets, and enhanced neighborhood safety are being broadly considered [29] and in parallel with government policy and programs [30] . The 2008 Farm Bill provisions, in particular, have increased the availability of FV in USDA initiatives such as school food service, Women's Infants and Children's (WIC) program, and Food Stamp Program, the latter of which has been renamed as Secured Supplemental Nutrition Assistance Program (SSNAP) providing financial incentives toward promotion of FV purchases.
Taxation on high calorie-dense foods and beverages in conjunction with efforts to increase the difficulty in their access is also being considered by some as a part of policy and environmental modifications [31] . Broader health insurance coverage, which remains as a significant moderator in the multivariate backward elimination, could also be conjectured to be helpful since increased utilization of health care services might in-
Discussion
The principal findings from this study are that FV intake of the US adult population is inadequate according to recommendations from the federal government and significantly lower among overweight and obese compared to the normalweight individuals. Although the FV-BMI status association was attenuated after controlling for the PSD variables, the adjusted association remained significant. Therefore, the significant inverse association between BMI status and FV intake is not necessarily a spurious finding due to potential confounding factors that are significantly associated with both BMI status and FV intake. Only a quarter of the population meets the 2005 Dietary Guidelines recommended minimum intake Heo/Kim/Wylie-Rosett/Allison/Heymsfield/ Faith mained little affected with estimates of 27.9%, 23.9% and 22.0% in the normal-weight, overweight and obese groups, respectively. Furthermore, the multivariate analyses were based on the subjects with complete information. Finally, persons without telephone service, those in institutions or those in the military, were not included in the BRFSS.
In conclusion, US adults in general consumed much fewer servings of FV than recommended by the USDA 2005 guidelines: 24.6% of adults consumed FV 5 times or more per day, and less than 4% consumed 9 servings/day or more. Obesity, SES, and physical activity are associated with poor FV intake, a fact which may merit consideration when developing policies and interventions to increase FV intake. Finally, future studies should examine whether the FV-BMI status associations are also applicable to the general pediatric and adolescent populations.
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crease awareness of the benefits of a healthy diet, physical activity, and weight loss. When implemented, these policies and programs might effectively enhance physical activity and FV intake and reduce obesity prevalence with greater sustainability, compared to information dissemination alone. In addition, sustained implementation of innovative interventions could also plausibly aid in reducing the population BMI through an increase in FV intake [32] . For example, family-based studies have suggested that interventions targeting increased FV intake may be as effective those targeting reduced high-fat/ high-sugar foods for childhood obesity prevention [33, 34] .
The interpretation and implication of the present study findings should be made in the context of several limitations. First, all data were obtained by self-report, which is subject to bias and potential underestimation of BMI [31] . The BRFSS-07 underestimated BMI [35] , though not sizeable, when compared to NHANES 1999-2004 measured prevalence [36] . Nevertheless, the FV consumption items were previously reported to have moderate reliability and validity [37] . Furthermore, a recent study showed that self-report BRFSS responses are highly correlated with objectively measured constructs such as human well-being [38] . Second, actual FV serving portion size consumed by respondents is unknown. The questions in the BRFSS-07 were based on an implicit assumption of one serving being equivalent to a half cup, which can affect the validity of the reported FV servings, although the FV intake items were previously reported to have moderate reliability and validity [37] . Another limitation concerns missing data. Subjects without complete information about the PSD variables subjects (N = 327,931) consisted of 24% of the respondents. However, the prevalence of FV5+ among these subjects was not substantively affected, with an estimate of 24.8%. Likewise, the prevalence across BMI status groups re-
